Highly cross-linked (19-30%) porous ion-exchange resin/ silica composites (cation as well as anion) were prepared by dispersing monomers like styrene, 4-vinylpyridine, and divinylbenzene together with diluents into the pore matrix of silica. Extensive work has been done to find out the effect of pore volume and average pore diameter (APD) of the silica support on the surface area and porosity of the resulting organic composite. It was found that at the APD of >400Ä of silica there was an increase in the surface area of the composite compared to the starting material. Also there was a cross-over region of the silica pores (-400Ä) where the surface area of the starting material does not change when it is converted into the organic composite. These results are explained on the basis of smaller pores being clogged and the formation of a porous structure within the organic polymer coated on the inner surfaces of the wide pore silica. The variation in the micro void volume ratio (γ) of the resin with the pore size of the silica matrix is also described. These ion-exchangers have displayed high 22 Na + /Na" self diffusion coefficients of the order of 10" 7 cm 2 /s. The composite apart from being determined for their pore volume (Vp), average pore diameter (APD), surface area (S), porosity (a), and capacity were specifically characterized for their outer resin volume ratio (μ) and micro void volume ratio (γ).
Introduction
Solid polymer supports for holding a reactive group or catalyst have become a regular tool for carrying out a number of processes 1 " 4 . The type of support most generally used is styrene-DVB polymer.
However, the problem in using conventional Sty-DVB resins is that they suffer from two major snags. The first one is its limitation on diffusion due to cross-link density of the polymer matrix, and the second one is the lack of mechanical as well as dimensional stability. Both these two are the opposing factors. Any improvement in the accessibility of the active sites in the porous organic support^' 5 " 9 is accompanied by the simultaneous loss of capacity as well as mechanical strength of the polymer beads. One of the ways to overcome this difficulty is to have very small polymer beads with large surface area (>500m"/g) but it requires higher pressure to operate and therefore practically not feasible. Another way is to disperse reactive polymer into a porous inorganic support having its own surface area and pore volume 10 " 14 , chosen according to the requirement of the process. The advantage of such a process is that while inorganic material provides the necessary mechanical strength, the coated organic phase would not only be thin but would also have its own pore structure allowing the active sites of the polymer to be more accessible 1516 . Of course there would be a comparative loss of capacity which may be compensated in the case of preparative procedure by running the operation at a higher pressure. Due to the fact that the coated organic polymer is macroporous in nature, it is possible that pore volume could be manipulated according to the use the composite is put to. The inorganic support and its composites have been thoroughly characterized for their physical and chemical properties".
The aim of our work was two-fold. First to synthesize macroporous cation as well as anion-exchange resin/ silica composites having higher diffusion rates and reasonably good capacity.
The second was to see the effect of the pore size of the silica support on the surface area of the resulting composite under the same set of experimental conditions. This is important because the structureperformance relationships in polymer supports are studied (in addition to the primary and secondary studies) on the basis of porosity and surface area (tertiary structure). We therefore characterized our silica samples and their composites for their outer resin volume ratio (μ), micro void volume ratio (γ), porosity (a), average pore diameter (APD), surface area (S), and capacity. The values of μ and γ, together with surface area have important applications in HPLC, ion-exchange and affinity chromatography, catalysis, and other chemical exchange processes in which fast diffusion is essentially required.
Experimental

Materials
Styrene and divinylbenzene (50% isomers, 45% ethylvinylbenzene) were supplied by Reidel-deHaen, Germany and were used without further purification.
4-vinylpyridine was freshly distilled for use.
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Azo-bisisobutyronitrile (AIBN) supplied by Merck, Germany, was recrystallized from methanol prior to its use as described in the literature .
Cyclohexanol, diethylphthalate and 1-octanol were obtained from Fluka, and were used without any purification.
HCl fuming (37%), was obtained from Fluka Chemicals, Switzerland. Preparation of porous silica beads
The silica sol was prepared by passing 20% solution of sodium silicate through a strong cation exchange resin, and acidifying with HCl to a pH of about 4-5. The porous beads were then prepared by slowly dropping the sol into the stirred organic liquid (e.g., ethylhexanol, diethylphthalate, 1-octanol) at room temperature until gelling occurred. It was filtered, washed with acetone, deminerallized water (DMW), acetone, and then dried at 200°C. Coating of silica beads Cation-exchange composites
In a typical experiment ( Table 1 , example 1), porous silica beads (6.8g) were soaked in styrene (8 ml), divinylbenzene (DVB 50%, 12 ml), petroleum ether (PE, 38 ml), and benzoylperoxide (BPO, 0.6 g) and agitated at I0°C for half an hour under reduced pressure. It was filtered and then washed with DMW to remove organics from the outer layer of the beads. The contents were transferred to a round bottom flask and heated at 90°C for 10 hours. It was washed with methanol, acetone, and dried. The beads were then sulfonated with 98% sulfuric acid at 90-95°C for two hours and washed with cold DMW until the washings were neutral. An ion-exchange composites
The silica/ anion-exchange resins were prepared from a mixture of freshly distilled 4-vinylpyridine (4-VP, 12ml), DVB (50%, 7ml), diethylphthalate (DEP,25ml), BPO (0.43g). and silica (10g) under reduced pressure at room temperature and polymerized as above. The resin was washed with methanol, 2M HCl, and methanol again (Table ll .example I).
In a slight variation of the above experiment, the amount of the cross-linking agent (DVB) was reduced to 3ml (Table II, 
example 2). Characterization of ion exchange composite
The porosity and pore volume (Vp) of ion-exchange composites have been evaluated with Micromeritics Porosimeter, Autopore II 9220. The instrument allows monitoring of intrusion and extrusion volume profiles of mercury at a given pressure.
Surface area of ion-exchange composites have been determined with the help of Brunauer-EmmetteTeller (BET) apparatus, Model No. QS II, supplied by Quantachrome Corp. USA. Nitrogen was used as an adsorbate and helium gas as a carrier. BET technique employs adsorption-desorption of N? at a given temperature and pressure. The process is monitored by measuring the thermal conductivity of the gas mixture across the "U" shape glass cell containing composite.
The Na" and CI" ion capacities of cation and anion-exchange composites were determined as follows. A bed of known volume of cation-exchange composite was made in a column (10 X 300 mm). It was conditioned in 2M HCl and washed with DMW until neuteral. A known volume and concentration of NaOH solution was loaded at the top of the column and was then eluted with a known concentration of HCl. The displacement of the band and volume of the eluent thus collected were used to calculate the Na" ion capacity of the cation-exchange composite.
A similar procedure was adopted to determine the CI* ion capacity of the anion-exchange composite. In this case the composite was top loaded with a known concentration and volume of HCl and eluted with known volume and concentration of NaOH. Micrvoid volume ratio (γ) Two equal lots of one gram each of the base porous silica and its ion exchange composite were taken. Low pressure intrusion of mercury was employed in order to find out the apparent volume of porous silica while high pressure intrusion/ extrusion was used to determine its porosity using Micromeritics Porosimeter, Autopore II 9220. The weight of the organic resin was determined by treating a known weight of the composite with HF to remove silica, γ was calculated using the following formula.
Outer resin volume ratio (μ) Apparent volumes of porous silica and composite materials were determined with the help of low pressure intrusion of mercury using mercury porosimeter as descibed in the literature' 3 . The outer resin volume ratio (μ) was calculated using the following formula.
Υ -X
μ= X where X = Apparent volume of porous silica Y = Apparent volume of composite porous material Self Diffusion Coefficient Self diffusion coefficient (D) of 22 Na + / 2j Na + were determined for the catio-exchange composites. ~~Na + tracer was supplied by Amersham International, England. The γ detector Model 2MW2/P2, Italy, coupled with a PC, was used to monitor the concentration of the tracer in the diffusion experiments. The samples of the composite was soaked in "" Na + solution for 24 hours. The composite was then centrifuged to expel tracer solution in the voids and then dried at room temperature. It was put in a specially designed glass ceil with opening on its two sides and fitted with a filter at one of the ends. A solution of " Na T was introduced at a certain rate into the cell. The γ counts were plotted against time using multichannel analyzer. The diffusion coefficient was then calculated from the plot with the help of computer using standard procedure. Results and discussion The significance of the surface area and porosity together with the pore size distribution of the ionexchangers is that these parameters play an important role in applications such as ion-exchange and affinity chromatography, polymer supported catalysis, high pressure liquid chromatography, and those chemical processes in which fast diffusion and reasonably good capacity is required. This work was carried out particularly to see whether there was a relationship between the pore size of the silica support and the surface area of the resulting organic composite. Our work in this area led us to the conclusion that indeed silica pore size affected the surface area of the composite in three different ways. Figure 1 shows the variation in surface area of silica and its respective composite as a function of APD of silica (Table I ). The curve can be divided into three areas with regard to the effect of silica APD on the surface area of the composite. The first portion is that of silica APD from 60 to 300Ä in which the corresponding organic composite showed lower surface area than the starting material. This was expected and is due to the organic phase occupying the smaller pores of silica blocking them completely. The lack of available space in the smaller pores does not allow the organic polymer to develop its porous structure and therefore contributing little to the surface area of the composite.
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The second portion comprises of silica of around 400Ä (APD). The silica support at this very APD gives rise to the ion-exchange composites which have almost the same surface area as that of the starting material. This indicates, that at -400Ä pore size there is enough space available for the organic polymer to develop its porous structure. The micro voids developed in organic resin contribute significantly toward its surface area. The reduction in the surface area due to the clogging of the smaller pores and increase in its value due to the formation of a porous structure in the bigger pores compensate each other with the net result that the surface area of the product organic composite remains unchanged from that of its starting substrate (Fig. 1) . In the third portion of the curve e.g., 450 to 700Ä pore diameter, a reversal in surface area of silica and composite is observed in agreement with the results given by Kamakura and Yokohama 1 ". The increase in the surface area of the ion-exchange composites prepared from a silica of average pore diameter > 400Ä could be explained on the basis of the formation of a macroporous structure within the organic polymer 1 ". The wider pores of the silica support allow enough space for the development of a permanent porosity in the copolymer prepared from high enough amount of DVB(I9-30%) as well as the diluents(50-70%). The mechanism of the formation of macroporosity in the organic copolymers is sufficiently well documented 912 · 14 ' 18 · 22 . Figure 2 shows the variation in microvoid volume ratio (γ) value as a function of APD of silica.
The curve indicates that there is a relatively sharp rise in the γ values from 0.45 to 0.56 upto the silica APD of around 200A ( Table 1 ). The lower values of γ reflect clogging of smaller pores in inorganic support by the organic phase in which porosity could not be created due to the lack of available space as already described. The sharp increase in γ values from a silica APD 60-200Ä could be explained as follows.
As the APD of silica increases there is the corresponding increase in γ values of the composite because there is much more space available. Then from 200 to 400Ä APD of silica the increase in γ is small (from 0.56 to 0.6f>^, thus indicating that there has already been enough space available for the porous structure to be formed.
Beyond 4Ö0Ä, and upto 700Ä there is hardly any change in the γ value (0.61) which shows that the organic pels mer has reached its maximum porosity due to the availability of more than the needed space. The importance of the γ value lies in the fact that when it is taken together with the surface area of the composite material, it could show the relative distribution of the pores within the organic polymer of different samples.
However, the pore volume and pore diameter of the ion-exchanger have a lower value compared to the silica support as could be expected for a pore matrix composites". Macroporosity of our ion-exchange composite is borne out by Scanning electron microscopy (SEM). Figure 3 shows the SEM photographs of a) the rounded coated porous bead of silica., b) the surface of the bead comprising a regular pattern of macroporous structure, c) the porous structure of the composite bead in more detail.
Another very important feature of our silica organic composites is their fast diffusion coefficient (D) which for ~~Na~ /" ' Na T self diffusion coefficient is of the order of 10" 7 cnr/s. The advantage of being fast is that the composites facilitate ion-exchange and adsorption/ desorption at much higher speed under pressure. This property coupled with other parameters such as μ, APD, and surface area of our composite material make it potentially viable to be used in high performance liquid chromatography, hydrometallurgy, high tech materials, 10 " optics, 12 and other chemical processes.
Our composites exhibited slightly lower capacities as compared to the corresponding conventional porous resins that could be expected of a pore matrix system. Table II shows the data for two silica anionexchange composites. The composites were characterized for their Vp, S, α, γ, μ, and anion-exchange capacity. It can be seen that the values of α, γ, and μ fall very well in the limits as described in the literature 5 . The anion-exchange capacities are seen to be slightly better than observed in the case of cation-exchange composites. This could be explained on the basis of the fact that sulfonation of a polymer is a two step process to make it a cation-exchanger, while the active group is already present in the anion-exchanger. 
Conclusion
The surface area of the silica-organic copolymer is dependent upon the average pore diameter (APD) of the starting silica skeleton. In order to have a silica-organic composite of a particular surface area and porosity, it is necessary to know the pore volume and pore size of the inorganic matrix.
Our work revealed that for a given APD of silica there is either (i) an increase or (ii) a decrease or (iii) no change in the surface area of the resulting composite from that of the starting material. The values of parameters like pore volume ratio (a), microvoid volume ratio (γ) outer resin volume ratio (μ) reflect the optimum properties of our composites for use in processes such as high performance gas or liquid chromatography.
